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1  | INTRODUCTION
Tropical	 forests	 are	 globally	 important	 ecosystems.	They	 hold	more	





















whereas	 others	 feed	 on	 seeds,	 honeydew,	 plant	 nectar	 and	 fungi	


















understanding	 the	extent	 to	which	organisms	carry	out	 functionally	



























resources	were	available	 to	either	 the	whole	 foraging	community	 (all	
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Additionally,	we	monitored	 the	 activity	 of	major	 invertebrate	 groups	
over	the	2-	year	duration	of	the	experiment.









2  | MATERIALS AND METHODS
2.1 | Field site and ant suppressions
This	study	was	carried	out	within	an	area	of	lowland,	old	growth	dip-


















sampling	 area	 and	 buffer	 zone	 and	 the	 custom	 bait	was	 applied	 at	







in	 the	 leaf	 litter	by	87%	 (assessed	using	Winkler	bag	extractions	 in	
2014	and	2015).
This	baiting	approach	was	similar	to	that	used	by	Parr	et	al.	(2016)	
in	 that	 it	 was	 specifically	 designed	 to	 minimise	 detrimental	 effects	
on	 non-	target	 organisms	 in	 the	 following	ways:	 (i)	 the	 poison	 baits	
have	 low	 toxicity	 to	 terrestrial	vertebrates	 and	plants	 (Etigra,	 2006;	
Sumitomo	Chemical,	2016);	(ii)	the	size	and	composition	of	the	baits	
are	designed	 to	appeal	 to	ants,	and	while	 they	may	appeal	 to	some	
small	mammals,	we	applied	the	baits	during	the	day	when	ants	are	at	
their	most	 active	and	 these	organisms	are	 less	 active;	 (iii)	 once	 col-
lected	and	returned	to	the	nest,	these	baits	are	unavailable	to	surface-	
















non-	ant	 invertebrates	 were	 recorded.	 It	 was	 not	 possible	 to	 accu-
rately	 count	 the	 exact	 numbers	 of	 ants	 in	 the	 field,	 so	 instead,	 fol-
lowing	Parr	et	al.	 (2016),	we	estimated	numbers	using	a	ranked	1–6	
scale	 (0	=	0	 ants;	 1	=	1	 ant;	 2	=	2–5	ants;	 3	=	6–10	ants;	 4	=	11–20	
ants;	 5	=	21–50	 ants;	 6	=	>50	 ants).	Non-	ant	 invertebrates	were	vi-
sually	 categorised	 into	 major	 group	 and	 abundance	 was	 recorded:	
wasp	 (Hymenoptera),	 cricket	 (Orthoptera),	 fly	 (Diptera),	 spring-







onto	 the	 forest	 floor	 (open	 treatment)	 or	within	 a	 20	×	20	×	20	cm	
metal	mesh	cage	(caged	treatment:	Appendix	S2	for	photograph	ex-
amples	of	caged	and	open	 treatments).	The	mesh-	size	 (1	×	1	cm)	of	
the	cages	ensured	no	vertebrates	 could	access	 the	baits	within	 the	
caged	treatment,	but	did	not	inhibit	the	access	of	the	majority	of	in-
vertebrates.	 Three	 bait	 types	 were	 used:	 3.05	g	 (±	0.02	g)	 of	 dried	



























All	 analyses	 were	 carried	 out	 using	 R	 version	 3.2.3	 (R	 Core	 Team,	
2015).	 We	 used	 generalised	 mixed-	effects	 models	 (glmer)	 in	 the	
lme4	package	 (Bates,	Mächler,	 Bolker,	&	Walker,	 2015)	 to	 assess	 if	
plot	 treatment	 (ant	 suppression/control),	 cage	 treatment	 (caged/
open)	 and	 bait	 type	 (carbohydrate/seed/protein)	 or	 the	 interaction	
between	these	factors	 influenced	the	amount	of	bait	removed	from	




link	 function	 (e.g.	model	←	 glmer(prop.gone	 ~	 plot.treatment*cage.
treatment*bait	+	(1|plot),	 family	=	binomial(link	=	“logit”),	 data	=	bait).	




To	 investigate	 if	 the	 ant	 suppression	 treatment	 influenced	 the	
abundance	 of	 non-	ant	 invertebrates	 recorded	 at	 the	 bait	 monitor-
ing	 cards,	 pooled	 abundances	 of	 each	 non-	ant	 invertebrate	 major	
group	were	 tested	 in	 separate	models.	 Treatment	was	 included	 as	
a	 fixed	 effect;	 sampling	 period	 and	 plot	were	 included	 as	 separate	




and	as	such,	we	used	a	negative-	binomal	glmer	 (using	 the	 function	






model	 (Zuur,	 Ieno,	Walker,	Saveliev,	&	Smith,	2009):	all	 fixed	effects	
and	interactions	were	sequentially	removed	until	a	reduced	minimum	
model	 was	 obtained,	 including	 only	 significant	 terms	 with	 p < .05. 
















with	 the	open	 stations	 (Figure	1);	 and	 fewer	 seeds	were	 removed	





only)	 in	 the	 control	 plots	 (Figure	1).	 This	 difference	 suggests	 that	
vertebrates	remove	an	average	of	25.6%	of	foraging	resources	and	
invertebrates	 remove	 the	 remaining	 74.4%.	 Comparing	 the	 open	
treatments	on	the	ant	suppression	and	control	plots	enabled	us	to	
quantify	 the	 contribution	 of	 ants	 to	 bait	 removal	 compared	 with	
other	non-	ant	 invertebrates	 and	vertebrates	 combined.	We	 found	
a	decline	 in	bait	mass	of	80.0%	(±SE	=	9.2%)	within	the	open	baits	
in	 the	 control	plots	 compared	with	a	38.1%	 (±SE	=	11.7%)	decline	
in	open	baits	the	ant	suppression	plots	(Figure	1);	furthermore,	this	






































Treatment	 significantly	 affected	 the	 abundance	 of	 all	 non-	ant	







was	 a	 significant	 shift	 in	 the	 composition	 of	 the	 invertebrate	 com-





process.	 In	doing	so,	we	have	demonstrated	 for	 the	 first	 time,	what	
has	been	 long	predicted,	 that	ants	are	 the	major	agents	of	 resource	






bioturbation	of	 soil	 (Folgarait,	1998)	or	 symbiotic	 food	web	 interac-
tions	 (Currie,	 2001;	Parr	 et	al.,	 2016).	Here,	we	have	quantified	 the	
role	of	ants	in	scavenging	and	thus	nutrient	redistribution,	which	is	an	
essential	and	often	overlooked	aspect	of	decomposition,	linking	higher	




Our	 estimates	 suggest	 that	 ants	 are	 responsible	 for	 a	minimum	
of	 52%	 of	 bait	 removal	when	 compared	with	 all	 other	 groups	 (ver-
tebrates	 and	 non-	ant	 invertebrates),	 and	 for	 61%	 of	 invertebrate-	
mediated	scavenging.	Although	ants	display	a	 large	range	of	feeding	
strategies,	most	forage	for	small,	widely	dispersed	food,	including	dead	










caution	 must	 be	 taken	 in	 making	 inferences	 between	 the	 systems.	
Nevertheless,	these	studies	demonstrate	the	multi-	trophic	impact	that	
ant-	mediated	nutrient	redistribution	can	have	on	soils	and	vegetation.	
Small-	scale	 variation	 in	 soil	 nutrients	 and	 heterogeneity	 has	 been	
demonstrated	to	affect	tropical	forest	diversity	and	plant	community	
structure	(John	et	al.,	2007;	Xu	et	al.,	2016).	Therefore,	ant-	mediated	
nutrient	 redistribution	 is	 likely	 to	be	a	key	process	 in	 these	systems	











Second,	we	observed	a	significant	 increase	 in	non-	ant	 invertebrates	
arriving	 at	 monitoring	 cards	 in	 the	 ant	 suppression	 plots	 (explored	
further	below).	Therefore,	other	invertebrates	were	contributing	more	
to	 the	 removal	of	baits	on	 the	ant	 suppression	plots	 than	would	be	
observed	under	normal	circumstances	 (i.e.	with	no	ant	suppression).	
It	 is	 likely	 then	 that	 this	 study	underestimates	 the	 true	contribution	
ants	make	to	the	movement	of	food	resources	within	tropical	forests.	
Nevertheless,	our	study	highlights	the	fundamental	contribution	that	
ants	make	 to	 the	 removal	of	 foraging	 resources	 from	tropical	 forest	
floors,	thus	illustrating	their	key	role	in	soil	nutrient	cycling	and	tropical	
forest	function.










Group LRT df p
Fly 14.03 1 <.0001
Cricket 13.00 1 <.0001
Cockroach 4.36 1 .037
Wasp 5.93 1 .015
Springtail 6.57 1 .01
Harvestman 5.06 1 .024
Spider 1.33 1 .248
Beetle 0.94 1 .333




findings	 by	 demonstrating	 that	 this	 pattern	 holds	 true	 not	 only	 for	
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